a b s t r a c t G protein-coupled receptor kinase interactor 2 (GIT2) is a signaling scaffold protein involved in regulation of cytoskeletal dynamics and the internalization of G protein-coupled receptors (GPCRs). The short-splice form of GIT2 is expressed in peripheral T cells and thymocytes. However, the functions of GIT2 in T cells have not yet been determined. We show that treatment with Con A in a model of polyclonal T-lymphocyte activation resulted in marked inhibitions in the intrahepatic infiltration of inflammatory cells, cytokine response and acute liver failure in Git2 À/À mice. CD4 + T cells from Git2 À/À mice showed significant impairment in proliferation, cytokine production and signal transduction upon TCR-stimulated activation. Our results suggested that GIT2 plays an important role in T-cell function in vivo and in vitro.
Introduction
Immune cells, including lymphocytes and Kupffer cells, constitute approximately 45% of the total non-hepatocyte cells in the normal liver [1, 2] . Nearly all of the innate immune cells in the liver have been reported to be involved in the diverse liver injuries observed in experimental animal models and/or human clinical investigations [1] . It is well established that Con A induced liver damage in mice is a typical model that closely resembles several pathological properties of human viral or autoimmune hepatitis [3] . Activated T cells play a critical role in Con A-induced liver damage [4] . Tiegs found that pretreatment of mice with monoclonal anti-CD4 antibody inhibited Con A-induced hepatitis, suggesting that CD4 + T lymphocytes are required for the initiation of the immunological response [4] . In addition, immune cells, including CD8 + T cells, natural killer (NK) cells, natural killer T cells, Kupffer cells/macrophages, neutrophils and eosinophils, have also been reported to be involved in Con A-induced hepatitis by either cell-to-cell contact or the secretion of pro-inflammatory cytokines or reactive oxygen species [3] . G protein-coupled receptor kinase interacting protein 2 (GIT2) is a signaling scaffold protein involved in the regulation of cytoskeletal dynamics, GPCR internalization and membrane trafficking [5] . GIT2 has numerous splice variants, and the longest splice form of GIT2 (GIT2-long) is expressed in a wider range of cells, whereas GIT2-short is specific to immune cells [6] . GIT2 is a ubiquitous multi-domain protein that has an N-terminal ARF-GAP domain, three Ank repeats, a Spa2-homology domain (SHD), a coiled-coil (CC) domain and a paxillin-binding site (PBS) [5] . The GIT2-short lacks the CC domain and PBS [5] . GIT2 regulates diverse cellular functions through interacting with various proteins. For example, GIT2 agonist GPCR endocytosis through regulating ARFs via ARF-GPA domain and the phosphorylation of GIT2 at PBS via Src and FAK is required for its recruitment to focal complexes, which is essential for the formation of normal lamellipodia during cell spreading [6, 7] . In addition, the main binding partner for the SHD of GIT2 is PIX, through which GIT2 can regulate cytoskeletal dynamics via interacting with PAK1 and the small GTPases Rac1 and Cdc42 [8] . GIT/PIX complexes are known to function as scaffolds for a variety of signaling proteins, including GRKs, PAKs, FAK, the MEK1-ERK1/2 mitogen-activated protein kinases, and phospholipase C [5] . Previous Abbreviations: GIT2, G protein-coupled receptor kinase interactor 2; FACS, fluorescence-activated cell sorting; GFP, green fluorescent protein; TCR, T cell receptor; Con A, concanavalin A; PMA, 4b-phorbol 12-myristate 13-acetate interacts constitutively in a tri-molecular complex with PIX and PAK in T cells and that this complex is recruited to the T cell immunological synapse by PIX [9, 10] . The mutation of PIX in mice results in neutrophil that are defective in orienting and migrating toward a chemoattractant, and this phenotype resembles that of GIT2-knockout mice [11] [12] [13] . Moreover, PIX-knockout T lymphocytes showed defective TCR-induced proliferation and signaling but enhanced basal migration [12] . Interestingly, Git2
À/À doublepositive (DP) thymocytes display increased migration toward SDF-1 and CCL25 in vitro, suggesting that GIT2 plays a key role in regulating the chemokine-mediated motility of DP thymocytes [14] . In addition, through analyzing a genome-wide association study (GWAS) dataset, significant association between the single nucleotide polymorphisms (SNP) in GIT2 and abnormal values of HDL cholesterol has been reported [15] . Clinically, in addition to metabolic syndrome, it is generally thought that an abnormal value of HDL-C results from liver dysfunction [16] , which suggests a potential role of GIT2 in liver disease. Taken together, these data show that GIT2 may play an important role in the regulation of T cell function and in liver disease.
In this study, we utilized Git2 À/À mice to investigate the role of GIT2 in immune cells during T cell-mediated hepatitis. We found that GIT2 deficiency in mice led to a spontaneous reduction of basal CD4 + T cells and NKT cells in the liver. Treatment with Con A in a model of polyclonal T lymphocyte activation resulted in marked inhibitions in the intrahepatic infiltration of inflammatory cells, cytokine response and acute liver failure in Git2 À/À mice.
CD4 + T cells from Git2
À/À mice showed significant impairments in proliferation, cytokine production and signal transduction upon TCR-stimulated activation. Our data demonstrate that GIT2 plays an important role in Con A-induced hepatitis and may therefore be a potential target for therapeutic intervention in acute liver diseases.
Results

GIT2 depletion attenuated Con A-induced immunological hepatic injuries
Heterozygous GIT2-knockout mice were bred to produce Git2 +/+ controls and homozygous GIT2-knockout (Git2 À/À ) mice. Positive founder mice were identified by RT-PCR and Western bolt analyses ( Fig. 1A and B) . GIT2 was completely absent from the total thymocytes, splenic CD4 + T cells and liver tissues, as determined using an antibody against the mouse GIT2. In agreement with previous reports [13] , adult Git2 À/À mice showed no gross phenotypic abnormalities but often developed splenomegaly ( Fig. 1C and D) and an increased CD4 + /CD8 + ratio in the liver MNCs (Table 1) . To examine the effects of GIT2 on immune-mediated hepatitis, we applied the Con A-induced hepatitis model in six-to eight-weekold male Git2 +/+ and Git2 À/À mice. We observed that the serum AST and ALT levels after the injection of 15 mg/kg Con A were significantly lower in Git2 À/À mice compared with Git2 +/+ mice (Fig. 1E ). Histological analyses of liver tissue sections obtained 24 h after the administration of 15 mg/kg Con A indicated that Git2 À/À mice were less sensitive to Con A-induced hepatic injury (Fig. 1F) . Liver tissue sections of Git2 À/À mice showed several solitary areas of necrotic tissue characterized by standard morphologic criteria ( Fig. 1F -d-f) , and the majority of hepatocytes were not affected. However, liver tissue sections of Git2 +/+ mice showed widespread areas of necrosis ( Fig. 1F -a) with extensive infiltration of mononuclear cells within the liver lobules ( Fig. 1F -b ) and around the central veins and portal tracts (Fig. 1F -c) , indicating an ongoing inflammatory process. Consistent with these findings, the percentage of liver tissue with necrotic damage was markedly lower in Git2 À/À mice (Fig. 1G ). The livers of Git2 À/À mice also demonstrated a significant decrease in hepatocyte apoptosis 24 h after treatment with 15 mg/kg Con A (Fig. 1H ): the liver of Git2 +/+ mice showed 37% hepatocyte apoptosis, whereas only 13% apoptosis was observed in the Git2 À/À mice. Taken together, these data indicated that mice deficient in GIT2 appeared highly resistant to liver injuries induced by Con A.
To test whether GIT2 depletion also protects mice against chemically induced liver injury, Git2 +/+ and Git2 À/À mice were injected i.p. with CCl 4 . The results showed no significant differences in liver injury between Git2 +/+ and Git2 À/À mice ( Fig. 2A and B) , which may be due to a different mechanism of liver injury in this model, indicating the potential role of GIT2 in T cell-mediated liver injury.
GIT2 depletion suppressed lymphoid cells infiltration to liver after Con A treatment
To examine whether GIT2 depletion affects the influx of MNCs in the liver after Con A injection, we first analyzed the steadystate composition of immune cells in the liver of Git2 À/À mice.
The liver MNCs were isolated and subjected to flow cytometry analysis. As shown in Fig. 3A , the total number of mononuclear cells in the liver of Git2 À/À mice was equal to that in Git2 +/+ mice. ) in the liver of Git2 À/À mice was significantly higher than that in Git2 +/+ mice after Con A injection (Fig. 3B ). In addition, we assessed the absolute number and the percentage of Tregs in splenocyte. As shown in Fig. 3C , the number of splenic mononuclear cells in Git2 À/À mice was more than 2-fold higher than that of Git2 +/+ mice, which consistent with previous reporter [13] . Prior to Con A treatment, no statistically significant difference was detected in the populations of CD4 + and Tregs in spleens of Git2 À/À and Git2 +/+ mice. After Con A treatment, the absolute number and percentage of Tregs were significantly higher in Git2 À/À spleen than Git2 +/+ . We also detected the apoptosis of liver MNCs and splenocyte and absence of GIT2 did not significantly change the Con A-induced apoptosis (Fig. 3D ). These data suggest that GIT2 deficiency attenuate Con A-induced infiltration of inflammatory cells in the liver which protect Git2 À/À mice from liver injury.
Lower levels of proinflammatory cytokines in Git2
À/À mice after
Con A injection
Proinflammatory cytokine production is a key component of Con A-induced liver injury. We therefore assessed the levels of TNF-a, INF-c, IL-2, IL-4, IL-6, IL-17A, and IL-10 in the mice serum. representative of three independent experiments and error bars represent standard deviations ( * P < 0.05, ** P < 0.01, *** P < 0.001).
As shown in Fig. 4A , no significant differences in cytokine levels were found between vehicle-treated Git2 +/+ and vehicle-treated
Git2
À/À mice. Three hours after Con A administration, the serum levels of TNF-a, IFN-c, IL-2, IL-4, IL-6, and IL-17A were increased significantly in Git2 +/+ mice, and the levels of INF-c and IL-6 continued to increase 6 h post Con A treatment. However, compared with Con A-treated Git2 +/+ mice at 3 h after Con A administration, the analysis of the levels of proinflammatory cytokines showed significant reductions in the TNF-a (55% reduction), IFN-c (30% reduction), IL-2 (50% reduction), IL-4 (90 % reduction), IL-6 (40% reduction) and IL-17A levels (75% reduction) in Git2 À/À mice ( Fig. 4A) . Interestingly, the level of IL-10, an anti-inflammatory cytokine, was significantly increased both 3 and 6 h post Con A injection in Git2 À/À mice.
We also observed that the mRNA cytokine levels in the hepatic homogenate in the Con A model groups increased significantly in comparison to those in the saline control groups (Fig. 4B) ; however, after Con A injection, the TNF-a, IFN-c, IL-2, IL-4, and IL-6 expression levels were increased less in the Git2 À/À mice than in Git2 +/+ mice, whereas the inflammation inhibitory cytokine IL-10 increased to a markedly higher level in Git2 À/À mice. The expression levels of several major inflammatory mediators, including MIP-1a, MCP-1 and CXCL10, which have been reported to be important in Con A-induced hepatitis pathogenesis, were also found to be significantly lower in Git2 À/À mice than in Git2 +/+ mice after Con A injection. We further examined the percentage of TNF-a-, IFN-c-and IL-4-producing T cells in the liver MNC by intracellular staining. As shown in Fig. 4C , there were no significant differences in the percentages of TNF-a-, IFN-c-and IL-4-producing T cells isolated from the liver of Git2 À/À and Git2 +/+ mice. One hour after Con A treatment, compared with Git2 +/+ mice, the percentages of TNF-a-, IFN-c-and IL-4-producing T cells were increased to a markedly lower degree in the liver of Git2 À/À mice. These data suggest that less production of proinflammatory cytokines associated with GIT2 absence may contribute to protection mice from hepatic injury.
GIT2 depletion suppressed the activation and function of mouse CD4 + T cells
To further clarify the mechanisms underlying the GIT2 depletion-induced inhibition of Con A-induced hepatitis, we The CD4 + T cells were stimulated with Con A, anti-CD3 and anti-CD28, PMA/ionomycin in vitro for 72 h respectively, and the proliferation was examined at 2 h after BrdU labeling. As shown in Fig. 5B , Con A and anti-CD3/anti-CD28 mAb can stimulate both CD4 + T cells from Git2 À/À mice and Git2 +/+ mice whereas the rate of proliferation was significantly faster in the Git2 +/+ CD4 + T cells (P < 0.05), while the effect of PMA/ionomycin treatment showed no difference between Git2 +/+ and Git2 À/À CD4 + T cells. In addition, the cell division was confirmed by CFSE analyses. Splenocytes from Git2 +/+ and Git2 À/À mice were labeled with CFSE in vitro and stimulated with plate-bound anti-CD3 + soluble anti-CD28 for 72 h, or with Con A for 5 d, and CD4 + T cells were gated for analyses.
Similar division patterns were observed after stimulation with Con A, or anti-CD3/anti-CD28 mAb (Fig. 5C ).
To investigate whether CD4 + T cells from Git2 À/À mice can produce sufficient levels of cytokines, we compared the amounts of IL-2, IFNc and TNFa produced by the splenic CD4 + T cells from Git2 À/À and Git2 +/+ mice after Con A, anti-CD3 plus anti-CD28, or PMA/ionomycin stimulation. The results showed a significantly reduced production of TNF-a, IL-2 and IFN-c by Git2 À/À CD4 + T cells than by those from Git2 +/+ mice after stimulation with Con A or anti-CD3 plus anti-CD28 (Fig. 5D ). However, PMA/ionomycin induced normal levels of TNF-a, IL-2 and IFNc in Git2 À/À CD4 + T cells (Fig. 5D ). Furthermore, we assessed the amounts of TNF-a, INF-c, IL-2, IL-4, IL-6, and IL-17A produced by splenic CD4 + T cells from Git2 À/À and Git2 +/+ mice after induction with different doses of Con A. As shown in Fig. 5E , compared with Git2 +/+ mice, there was a significant decrease in the production of proinflammatory cytokines by T cells from Git2 À/À mice. These data suggest that GIT2 is required for CD4 + T cells activation which likely explains the reduction in CD4 + T cells in GIT2 À/À mice after Con A treatment.
Impaired TCR-mediated signal transduction in CD4 + T cells from GIT2-depleted mice
The defects in T-cell activation phenotype are often due to impaired TCR-induced signaling events. To demonstrate the molecular mechanisms mediating the failed induction in Git2 À/À T cells, we assessed the activation of several signaling molecules downstream of the TCR. As shown in Fig. 6A , GIT2-difecient T cells did not show any substantial defects in phosphorylation of ERK1/2 after anti-CD3 plus anti-CD28 or Con A stimulation. However, a significant increase in phosphorylation of PAK was observed in wildtype T cells but not in GIT2-deficient T cells (Fig. 6A) . Likewise, Rac activation occurred as early as 1 min following anti-CD3 plus anti-CD28 stimulation in wildtype T cells, whereas deficiency in GIT2 resulted in later Rac activation with a peak induction at 5 min post TCR stimulation (Fig. 6B) . It has been reported that GIT2 is required for PAK activation upon formation of the immunological synapse. We therefore measured the total amount of cellular F-actin assembled after TCR stimulation. We found that anti-CD3 plus anti-CD28 induced F-actin assembly similarly in wildtype and Git2 À/À T cells (Fig. 6C) . However, we noted that polarized F-actin assembly appeared in wildtype but not Git2 À/À T cells upon anti-CD3 plus anti-CD28 stimulation , NK, and NKT in liver MNC were analyzed by FACS using FITC-, PE-, APC-conjugated mAbs.
* P < 0.05. ** P < 0.01. *** P < 0.001 versus Git2 +/+ mice.
( Fig. 6D ). These data indicated that GIT2 plays an important role in TCR-mediated signal transduction in T cells.
GIT2 increased protein stability of aPIX
Because GIT2 regulates diverse cellular functions through interacting with various proteins, we analyzed the protein levels of GIT2 partners, such as PAK, PIX, Rac1 and Cdc42. The results showed similar expression of PAK, Rac1, or Cdc42; except for the reduction of PIX expression in GIT2-deficient T cells (Fig. 7A) . The reduction in PIX protein was further confirmed in the thymus, spleens, and lymph nodes of Git2 À/À mice using an anti-PIX antibody that recognizes both aPIX and bPIX (Fig. 7B ). This effect of GIT2 on the PIX protein levels was found to not be due to changes in their transcription because GIT2 deficiency did not significantly alter the abundance of PIX mRNA in the thymus and spleens cells (Fig. 7C) . Moreover, compared with control cells, a clear reduction in PIX stability was observed in GIT2-deficient T cells. In contrast, the PIX half-life was higher than 36 h in wild-type GIT2 cells and was shortened to $8-10 h in GIT2-deficient T cells (Fig. 7D) . To demonstrate that the reduction in the PIX protein levels was a direct consequence of GIT2 deficiency, we reestablished the wildtype GIT2 expression levels in GIT2-deficient T cells using a lentivirus-based approach. The expression of full-length GIT2 led to a significant increase in the PIX steady-state protein levels (Fig. 7E ).
Discussion
In this study, we provide the first evidence that GIT2 plays an important role in the pathogenesis of Con A-induced hepatitis. We showed that the targeted disruption of the GIT2 gene led to attenuated liver injury, which was associated with reductions in the number of effector cells, namely T lymphocytes (both CD4 + ratio is a reflection of immune system health, and its decrease or increase indicates a dysfunction of the immune system [18, 19] . In our study, in accordance with previous reports [13] , Git2 À/À mice often developed splenomegaly, suggesting that Git2 À/À mice may be highly susceptible to infection, which may occur sporadically with some pathogens even in specific pathogen-free housing conditions. This result indicated that the loss of GIT2 in vivo led to an immunodeficient state.
The infiltration of lymphocytes into the liver is critical for the development of Con A-induced hepatitis. We found that the targeted disruption of the GIT2 gene led to a suppression of the infiltration of MNCs, particularly CD4 + and CD8 + lymphocytes. Two possible mechanisms may be involved in the reduction in the number of liver-infiltrating effector cells after the loss of GIT2.
(1) Inflammatory responses to injury are characterized by increased lymphocyte binding to and migration across sinusoidal endothelial cells that line the hepatic sinusoidal microvasculature [20, 21] . Lymphocytes interact with the sinusoidal endothelium via adhesion receptors, including intercellular adhesion molecular-1 (ICAM-1), and ICAM-1-deficient mice demonstrate reduced leukocyte adhesion to hepatic sinusoids [22, 23] . In our study, we found that the expression of ICAM-1 in the hepatic homogenate from Git2 À/À mice was significantly diminished compared with that found in the homogenate from Git2 +/+ mice, which may lead to less T cells are recruited to the liver where they drive immune- mediated damage (Fig. 8) . (2) Chemokines are crucial for lymphocyte trafficking to the liver, and in particular, chemokines secreted by liver cells contribute to the compartmentalization of lymphocyte recruitment within the liver [21, 24] . It has been reported that the gene ablation of GIT2 in mouse neutrophils results in defective chemotaxis toward GPCR ligands, fMLP and C5a [13] . In our study, we measured the expression of several chemoattractant factors in hepatic homogenates and found that the loss of Git2 significantly suppressed the mRNA expression of MIP-1a [CCL3] and CXCL10, which may affect the attraction of effector cells in the liver of Git2 À/À mice after Con A injection.
After infiltration into the liver tissue, T cell recognition of the antigen presented by a dendritic cell results in an activated effector T cell and the production of large amounts of cytokines, such as tumor necrosis factor alpha (TNFa) and interferon gamma (IFNc), contributing to hepatocyte necrosis and apoptosis [25, 26] . In this study, we found that GIT2-deficient T cells showed marked impairments in T cell functions following TCR stimulation, including poor activation phenotypes of CD25 and CD69 expression, proliferation and cytokine production, compared with those from WT mice, suggesting that GIT2 plays an important role in the activation of T lymphocytes. We further showed that stimulation with PMA plus ionomycin, which bypasses the TCR complex, resulted in similar T cell proliferation and cytokine production in WT and Git2 À/À mice. PMA is a DAG analog which can pass through cell membrane freely and activates PKC directly. Ionomycin is a Ca 2+ ionophore which can raise intracellular Ca 2+ levels and stimulate calcineurin.
It has been reported that calcineurin cooperated with PKC to transduce mitogenic signals and led to the activation of the transcription factors AP-1 and NF-AT, which are involved in IL-2 gene induction [27] . Therefore, it seems that GIT2 regulates relatively 'upstream' events in TCR signaling. Various signaling events occur after TCRs bind to pMHC on antigen-presenting cells (APCs) to initiate and sustain T cell activation, including protein phosphorylation, generating immunological synapse, intracellular calcium flux, small GTPase activation, cytoskeletal remodeling, and transcription factor activation [28] . In these intracellular signaling transduction processes, one group of signaling proteins, such as Grb2, Gads, and SLP-76, which are collectively termed ''adapter" or ''linker" proteins, are essential for T cell activation by mediating TCR signaling [29] . The function of the GIT2 protein in the regulation of the cytoskeletal structure, membrane trafficking and the scaffolding of signaling cascades have been described in detail [5] , which suggested that GIT2 may be involved in T cell activation as a kind of linker proteins. In this study, we found that GIT2-deficient T cells displayed distempered TCR signaling events, such as PAK phosphorylation. A previous study showed that GIT2 interacts with PIX and PAK constitutively in a tri-molecular complex in T cells, and PIX-deficient T cells displayed defective TCR-induced proliferation and signaling [12] . In addition, it has been shown that neutrophils from either GIT2-or aPIX-knockout animals present impaired chemotactic responses [12, 13] . The phenotype resemblance between the Git2 À/À and PIX À/À mice suggest that these proteins may regulate T cell function through similar mechanisms. Interestingly, we found that the PIX protein level is marked reduced in GIT2-deficient T cells. We also provide evidence that Git2 increased the protein stability of aPIX, similarly to how PIX stabilizes GIT2 in lymphocytes. Therefore, whether the functional defects in the Git2 À/À T cells may be due to the loss of Git2 or PIX remain to be investigated. NKT cells are a heterogeneous group of T lymphocytes that express both the NK1.1 receptor and the TCR. It has been reported that NKT cells are abundant in the liver and play an important role in Con A-induced hepatitis via secretion of proinflammatory cytokines such as IFN-c. In our research, we found that liver lymphocytes in GIT2 deficient mice showed reduce in NKT cells in basal conditions, which may lead to less secretion of IFN-c upon Con A administration. Moreover, we found that CD3 + NK1.1 + NKT cells are markedly decreased 6 h after Con A injection, in agreement with other researchers [17] . There are two possibilities for the mechanisms associated with the change in the NKT cell number at the early stage of Con A-induced liver injury. First, Con A induced FasL expression on NKT cells not only resulted in liver injury but also led to apoptosis of activated NKT cells in the liver [30] . Second, activation of NKT cells upon Con A administration may lead to a dynamic response characterized by surface markers down-modulation, which has been found in the response of NKT cells to glycolipid antigens [31] . Although we observed a decrease be implicated in a number of pathologic processes, such as cancers, infectious disease, and autoimmune disease [32, 33] . Foxp3 is a critical regulator of Treg development and function which is supported by the fact that the lethal lymphoproliferative autoimmune syndrome observed in Foxp3-deficient mice resulted from a dificienty in CD25 + CD4 + Tregs [34] . Furthermore, Foxp3 is currently the most specific and reliable molecular marker for natural Tregs in rodents and human [35, 36] . In this study, we demonstrated that the deletion of GIT2 increased the percentage of Tregs in liver and spleen and increased the number of CD4 Consistent with this observation, we clearly showed a significantly elevated level of IL-10, which is one of the downstream effectors induced by Foxp3, in the serum of Git2 À/À compared with WT mice.
Although the physiological factors and pathways initiating intracellular Foxp3 expression and promoting its immune regulatory characteristics remain poorly understood, recent studies have revealed that disruption of the signaling components of the NFjB pathway, including NF-jB-inducing kinase (NIK) and TNF receptor-associated factor 6 (Traf6), leads to impairments in regulatory T cell generation [37, 38] . It was recently reported that GIT2 may terminate TLR-induced NF-jB and MAPK signaling by recruiting the deubiquitinating enzyme cylindromatosis to inhibit the ubiquitination of TRAF6 [39] . Therefore, the higher number of CD4 + CD25 + Foxp3 + cells found in the mice lacking Git2 may be due to the loss of negative regulation of Toll-like receptor (TLR)-induced NF-jB signaling. Furthermore, given that impaired Treg suppressive activity is associated with impaired activation of the GIT-PIX-PAK complex [40] , it would be important to compare the suppressive activity of Treg from WT versus KO mice in a standard in vitro Treg suppression assay. However, we did not observe the obvious difference in suppressive activity between WT versus KO mice (Fig. 9) , the reason of which should be studied further.
Because the longest splice form of GIT2 (GIT2-long) is widely expressed, including in the heart, brain, spleen, lung, kidney, liver, muscle, and testis, whether hepatic cells are also responsible for the Git2 À/À phenotype associated with the reduced response to
Con A hepatitis should be studied further [6] . Given that the GIT2/PIX/PAK1 tri-complex plays a major role in PAK1 activation and that PAK1 is important for cellular survival and proliferation [9, 10, 41] , GIT2 also might regulate hepatocyte survival through control of PAK1 signaling. Although we showed no significant difference in CCl 4 -induced liver injury between Git2 À/À and WT mice, which suggests that GIT2 deficiency may not affect parenchymal function, experiments involving bone marrow chimeras between GIT2 knockout and wild-type mice may finally help to delineate the parenchymal effects. In summary, this study provides the first demonstration that GIT2 deficiency protects mice from Con A-induced hepatitis by suppressing the function of activated T cells and reducing the intrahepatic infiltration of inflammatory cells. Further work is required to evaluate GIT2 as a potential target in hepatitis in humans.
Materials and methods
Mice
Git2
+/À mice were obtained from Osaka Bioscience Institute (Japan) and Git2 À/À mice were generated by intercrossing of Git2 +/À mice [13] . All mice were housed in a SPF conditions and the protocols used for all animal experiments in this study were 
Antibodies
All antibodies were purchased from commercial sources: CD3-phycoerythrin (PE), CD4-allophycocyanin (APC), CD4-peridi nin-chlorophyll-protein complex (PerCP), CD19-PE, CD3-APC, CD3-fluorescein isothiocyanate (FITC), CD8-PE, NK1.1-APC, F4/80-PE, CD11c-PE, CD11c-APC, IL-4-PE, IFN-c-APC, TNFa-FITC, CD69-APC, anti-CD3 Abs, and anti-CD28 Abs from eBioscience; Rabbit polyclonal GIT2 Abs, anti-phospho-PAK1/2 (Ser199/204 of PAK1 and Ser192/197 of PAK2 Abs, and anti-phospho-c-Cbl (Y774) Abs from Cell Signaling; Anti-phospho-Erk1/2 (E4) Abs, anti-PAKa, anti-Erk1/2 (K23) from Santa Cruz.
PCR, reverse-transcription and real-time PCR
Genomic DNA was prepared as described previously and the genotypes of the mice were determined by PCR [13, 42] . The oligonucleotide PCR primers that were used to distinguish the targeted allele from the wild-type allele were as follows: GIT2-S1, 5 0 -TGCAGGGTCATTGGAGAGTGAATGAGGCTA-3 0 ; GIT2-S2, 5 0 -GGTTTG AGCAAGAGAACTCATCGGTCCAAG-3 0 and Neo, 5 0 -CTCGTGCTTTACG GTATCGCC-3 0 . The GIT2-S1 and GIT2-S2 primers gave an 1131-bp DNA fragment to identify the WT allele, whereas the GIT2-S2 and Neo primers yielded the 650-bp fragment of the target allele. The PCR was carried out for 30 cycles consisting of 94°C, 1 min; 60°C, 30 s and 72°C, 2 min.
Reverse-transcription and real-time PCR were performed as described previously [43] . Specific primers for each gene were listed in Table 3 .
Cell purification, cell surface labeling, and flow cytometry
Mice were sacrificed via cervical dislocation. Thymuses, spleens, lymph nodes, and bone marrow were dissected and crushed in RPMI 1640 medium. Livers were passed through a 100 lm nylon mesh. The filtrate was centrifuged at 50 g for 5 min and the supernatant was collected. Cells were suspended in a 40% percoll (GE Healthcare) solution and overlaid on a 70% percoll solution. After centrifugation with 800g for 20 min, the interphase was collected and washed twice with PBS. For spleen and bone marrow cells and liver mononuclear cells, samples were depleted of red blood cells using lysis solution (100 mM NH 4 Cl, pH 7.4) no more than 5 min. Lymphocyte populations were characterized using FITC-, PE-, APC-conjugated mAbs; for Tregs, Foxp3 detection kit (eBioscience) was used, and analyzed by flow cytometry (FACScan; BD Biosciences, San Jose, CA, USA) and FlowJo software (Tree Star, Ashland, OR) was used for data analysis.
Cytokine detection
For detection of various cytokines, plasma samples were collected from mice or cells at indicated time after Con A injection and immediately frozen at À70°C and stored until use. BD Cytometric Bead Array (CBA) Mouse Th1/Th2/Th17 Cytokine Kit (for GM-CSF, IL-1b, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, IFN-c and tumor necrosis factor (TNF)-a) was purchased from BD Biosciences. All procedures were performed according to the manufacturer's protocol.
Experimental acute toxic hepatitis model
Con A was dissolved in sterile PBS and injected in the tail vein at the dose of 15 mg/kg (for liver pathology) of bodyweight as indicated. For assessment of liver damage, mice were sacrificed at the indicated time points, and serum and liver specimens were collected.
Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) assay
Serum activities of ALT and AST were measured with an autoanalyser (Hitachi 7020 automatic analyser, Hitachi, Tokyo, Japan) and expressed in IU/L. 
Histological examination and terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) assay
Formalin-fixed, paraffin-embedded liver sections were stained with hematoxylin-eosin for the histological investigations to evaluate the degree of necrosis after acute liver injury, which is based on severity of necrotic lesions in the liver parenchyma.
The TUNEL assay was performed using The DeadEnd Colorimetric TUNEL System (Promega) according to the manufacturer's protocol. The TUNEL-positive cells were quantitated by light microscopy. Five (3200 magnification) fields were randomly selected per slide and 100 hepatocytes counted per field. The mean percentage of apoptotic hepatocytes was calculated and compared between different study groups.
Intracellular cytokines detection
Liver MNCs were extracted from mice 1 h after Con A injection and were resuspended to a density of 10 7 cells/ml and 100-ll Cells were treated with 2.5 lg/ml Con A, or 5 lg/ml anti-CD3 antibodies plus 2 lg/ml CD28 antibodies, or 5 ng/ml PMA/0.5 lg/ ml ionomycin. The activation phenotypes of CD25 and CD69 expressions were measured by FACS analysis. Proliferation was determined after 72 h using a BrdU Cell Proliferation Assay Kit (Cell Signaling Technology).
CFSE analysis
CFSE labeling was performed as described previously with a little change [44] . Briefly, 1 Â 10 7 cells were suspended in 1 ml serum-free medium (DKW34-EU0100, DAKEWE, China); 5 ll of 1 mM CFSE (LC01, Dojindo Laboratories) was added, and cells were incubated at 37°C for 15 min with frequent mixing. An equal 
Lentiviral constructs and transduction
For overexpression of GIT2 in T cells, the ViraPower lentiviral expression system was used according to the manufacturer's protocol (Invitrogen). The cDNA fragment encoding mouse GIT2 was cloned into the lentivirus expression plasmid pBPLV, which has two CMV promoters and an IRES-GFP tag, and construct pBPLV-GIT2. The recombinant vector pBPLV-GIT2 expresses GIT2 protein and GFP protein simultaneously. 293FT cells were transfected using Lipofectamine 2000 (Invitrogen). Lentiviruses were concentrated at 4°C by centrifugation. Cells transduced with pBPLV vectors were cultured in liquid medium for 48 h and then purified by FACS sorting for GFP expression.
Statistical analysis
Statistical analysis was performed using SPSS18.0 software. The statistical significance of differences between two sample groups was assessed by the t-test, between multiple groups with multilevel was assessed by factorial analysis. One-way ANOVA analysis was used in group with multi-level. When met heterogeneity of variance, select the Welch statistic in one-way ANOVA analysis. P < 0.05 difference was statistically significant. 
